Malaria is one of the most important vector transmitted diseases in Venezuela with between 20,000 to 50,000 cases annually. The most important malaria states are Sucre, in the Northeastern part of the country, and Bolívar and Amazonas in the South. Malaria is endemic in Sucre state. During the years 2001 and 2002 Sucre produced the highest number, 40 and 56% respectively, of cases in Venezuela. This has decreased significantly in more recent years, registering only 5266, 4746, and 4894 cases for 2003, 2004, and 2005 respectively, representing between 10 and 16% of all cases in Venezuela [Direccíon de Vigilancia Epidemiológica, Ministerio de Salud y Desarrollo Social, Venezuela (2001 Venezuela ( -2005 ]. Nevertheless, the favorable environmental conditions for the vector; constant temperatures (25-27 o ) throughout the year, and the high number and large extent of the breeding grounds, coupled with the recent increase of the human population related to the exploitation of oil and gas in the region, has led to considerable concern regarding a possible resurgence of the disease.
In Sucre state, Anopheles aquasalis Curry is responsible for the overwhelming majority of malaria cases (Molina et al. 1997) , which are almost exclusively caused by Plasmodium vivax. The immature phases of An. aquasalis are found in diverse aquatic habitats, such as: lakes, canals, marshes, mangrove swamps or flooded fields, among others. The water in many of these breeding sites in Sucre state varies greatly in salinity; between 0.4 and 38.4 parts per thousand (ppt), equivalent to 1.14 and 110% seawater, respectively (Berti et al. 1993) . Laboratory experiments have confirmed that this species is physiologically adapted to salinities of between 10 and 20 ppt (Gómez & Osborn 2002) .
Bacillus thuringiensis var. israelensis (Bti) is the most extensively used biological control agent in Venezuela. At present, the local health authorities responsible for malaria control in Sucre state employ an integrated management plan for control of the vector which includes biological control of larvae and chemical control of adults. As regards larval control, the health authorities use one or other of two commercial formulations of Bti: Vectobac-12AS ® and Bactivec ® . Many factors can combine, however, to affect the performance of different formulations in the field (Becker et al. 1989 , Castillo & Scorza 1997 . Since salt water is one of the most important factors for determining the distribution of An. aquasalis in Sucre state (Grillet et al 1998) , we felt it necessary to evaluate the performance of these products in different salt concentrations under laboratory conditions, before their application in the field. This, in order to determine effective doses for each formulation with regard to the target species and salt concentration in the breeding grounds.
In this study, we tested the effect of three salt concentrations of the effectiveness of Vectobac 12AS ® (1.6% IA, 600 ITU/mg Valent Biosciences, US) and Bactivec ® (0.6% IA, 600 ITU/mg Labiofam, Cuba) under laboratory conditions. Larvae were obtained from field caught An. aquasalis females, collected following the methods of Delgado (1998) and Gómez and Osborn (2002) and identified using the keys of Cova-García and Sutil (1977) .
The experiments were carried out in the Entomology Laboratory Dr. J. V. Scorza at the Gerencia de Saneamiento Ambiental y Malariología, Región XI, FUNDASALUD, Carúpano, Sucre state. Stock salt solutions of 0, 10 and 20 ppt sodium chloride (Instant Ocean ® , Aquarium Systems, US) were prepared in sodium chloride free potable water. An. aquasalis larvae were reared in 24 × 16 × 6 cm plastic trays containing 200 ml of each stock salt solution at a temperature of 27 ± 0.5 o C, % humidity 80 ± 5, and photoperiod 12:12, using the methods of Delgado (1998) and Gómez and Osborn (2002) .
Ten late third or early fourth instars were placed in round plastic containers, with a surface area of 83 cm 2 and depth 5 cm, holding 100 ml of the salt solution to be tested. Vectobac-12AS ® at 1, 0.5, 0.3, 0.1, and 0.05 ppm was tested at each salt concentration (ppm = parts per million of active ingredient), Bactivec ® was tested at 10, 5, 1, 0.5, and 0.1 ppm in fresh water (0 ppt), whereas for 10 and 20 ppt, 10, 5, 3, 2, and 1 ppm, rates of Bactivec® were used. The lower rates of Bactivec ® were raised in 10 and 20 ppt due to the low mortality obtained at product concentrations of 0.5 and 0.1 ppm. Six replicas were done for each product and salt concentration plus six untreated controls with 10 late third or early fourth instars in each control for each salt concentration.
Larval mortality was recorded 24 h after treatment and corrected using Abbott's formula (Abbott 1925) when the mortality of the controls exceeded 5%:
where: X = % of live larvae in the control; Y = % of live larvae in the treatment.
All experiments were repeated on three different occasions in order to correct for differences due to manipulation of the larvae and intrinsic population differences (Mulla 1990 ). The percentages of mortality obtained were analyzed with Probit analyses (Finney 1971) , using the Probit Analysis option in the SPSS 10.0 package for Windows: PSS Inc.
Once the lethal concentrations had been calculated, the CL 95 /CL 50 relationship was calculated in order to determine the number of times it is necessary to increase LC 50 in order to obtain the LC 95 , which can be used to indicate the efficiency of the formulation against a particular species (Lacey & Singer 1982) .
The results from the Probit analysis indicate that the LC 50 and LC 95 values for Vectobac 12AS ® were approximately 5-10 times less than the LC 50 and LC 95 values for Bactivec ® in all the salt concentrations studied (Table) .
Salinity adversely affected Bactivec ® efficacy, as shown by the increase in LC 50 and LC 95 values with increased salinity. Vectobac ® , however, remained unaffected by the tested salinities. When the LC 50 and LC 95 values for Bactivec ® were plotted against salinity, significant linear relations were found for salinities between 0 and 20 ppt; for LC 50 y = 0.068x + 0.875 (R 2 = 1.0; p = 0.004), and for LC 95 y = 0.23x + 5.04 (R 2 = 0.999; p = 0.019) (SPSS 10.0 for windows).
The efficiencies of both formulations were largely unaffected by salinity, however, this seemed to be slightly improved with increasing salt concentrations for Bactivec ® .
Gómez (2001 unpublished Moreno et al. (2003) . Although this could mean that An. aquasalis larvae from Lake Valencia are more susceptible to these products than An. aquasalis from Sucre state, more studies are needed to confirm this. Other anopheline species show similar levels of susceptibility to Vectobac-12AS ® . For example, the LC 50 dose for An. stephensi from Pondicherrry, India, was 0.19 ppm (Dominic Amalraj et al. 2000) . Other mosquito genera, however, may be far more susceptible; in a study undertaken by Nayar et al. (1999) On the other hand, in an experiment undertaken by Delgado et al. (2001) , in Santo Domingo, Dominican Republic, An. albimanus larvae were more resistant to Bactivec ® than the An. aquasalis larvae used in the current experiment. These authors could not determine the diagnostic concentration (DC), for Bactivec ® ; (DC: minimum concentration of product that produces 100% mortality) after 24 and 48 h of exposition against An. albimanus, due to the low mortality of the larvae, even at the highest concentration used of 12 ppm, whereas 5.05 ppm killed 95% of An. aquasalis larvae in this study.
The potency of products may also depend on differences in sample processing and pretest rearing of the mosquito species between laboratories (Skovmand et al. 1998) . It is thus difficult to make comparisons between studies, even those dealing with the same product and species.
Very few studies have explored the effect of salinity on the performance of bacteria-based larvicides, even though several mosquito pests are saltwater tolerant, such as. Cx. sitiens, Ae. taeniorhynchus, An. faruti, An. aquasalis, etc. Increasing salinity levels from fresh water to 50% seawater (about 17.5 ppt), caused a decline in the efficiency of Vectobac 12AS ® and Vectobac TP ® against Ae. taeniorhynchus larvae in Florida, US (Nayar et al. 1999) . Nevertheless, salinity concentrations of 10, 20, and 30% seawater (3.5, 7, and 10.5 ppt) did not affect the spore dormancy of B. sphaericus 2362 (Yousten et al. 1992) . Nayar et al. (1999) , suggest that the decline in the effectiveness of the larvicides is due to a decrease in the susceptibility of the larvae in increasing salt concentrations. Nevertheless, in this study only Bactivec ® was affected negatively by salinity, suggesting that there may be a direct effect of salt on the bacteria or other ingredients in the formulation.
The results from the studies mentioned demonstrate that there is a high variability in the dose-mortality response between products, mosquito species and even for populations within species, thus suggesting the need for constant monitoring in the regions where they are used. From the results of our study, however, we recommend the use of Vectobac-12AS ® rather than Bactivec ® , for the control of An. aquasalis in Sucre state, especially in saline breeding habitats.
